Hypocrellin A (HA) and elsinochrome C (EC) are naturally-occurring perylenequinonoid photosensitizers. To evaluate their potential as photoactive medicines and/or pesticides, the photobleaching behaviors of both compounds were studied in two organic systems (ethanol and DMSO). It was found that, although HA and EC possess comparable photosensitizing activities, EC is more stable to photobleaching than HA. Both pigments exhibited higher photo-stability in ethanol than in DMSO. Therefore, it seems that EC has more developmental potential than HA and its photobleaching behavior can be modified by changes in media polarity.
Hypocrellin A (HA) and elsinochrome C (EC) (Scheme 1) are naturally-occurring perylenequinonoid pigments (PQPs). They possess excellent photosensitive activities [1, 2] and can be economically produced through fermentation [3, 4] . Therefore, they have great potential to be developed as photodynamic medicines and fungicides.
A recent chemical trapping study (performed in chloroform, acetone and micellar systems) revealed that HA and EC have comparable photoactivities [1] . To further evaluate their potential as photoactive medicines and/or pesticides, it is necessary to compare their photobleaching behaviors. As photobleaching processes are influenced by media polarities, two solvent systems with different polarities, i.e., ethanol and dimethylsulfoxide (DMSO), were employed to perform the evaluation.
The absorption spectra of HA in ethanol and DMSO exhibit three bands around 470, 540 and 580 nm. Upon exposure to visible light, the absorbance for the major absorption band (around 470 nm) in both solvents decreased clearly, indicating the photobleaching of HA [5, 6] . After irradiation for 5 hours, the intensity of the maximum absorption peak (around 470 nm) decreased by 12% ± 0.7% and 17% ± 0.4% in ethanol and DMSO, respectively. These results suggest that: i) HA is more photobleachable than EC (P < 0.01 after illumination for 5 hours); ii) HA and EC are more stable in the lowerpolar solvent (i.e., ethanol, which has a relative permittivity of 24.55) than in the higher-polar solvent (i.e., DMSO, which has a relative permittivity of 46.45) [7] (P < 0.01 after illumination for 5 hours). It is of obvious interest to explore the reasons underlying the different photobleaching behaviors of HA and EC in different solvents. Prior studies on photobleaching mechanisms of PQPs have revealed that the photo-generated reactive oxygen species (ROS), including singlet oxygen ( 1 O 2 ) and superoxide anion radical (O 2 · -), can attack the pigments, leading to the absorbance decrease of PQPs [5, 6] . Thus, it is reasonable to assume that the photobleaching of HA and EC are mainly initiated by 1 O 2 and O 2 · -, generated during the photosensitization of both pigments. Therefore, to elucidate the different photobleaching behaviors of HA and EC in ethanol and DMSO, the relative yields of 1 O 2 and O 2 ·in both systems should be determined.
First, the 9,10-diphenylanthracene (DPA)-bleaching method [8] was employed to measure the relative 1 O 2 yields of HA and EC. As shown in Figure 1 , upon illumination, the 374 nm absorbance of DPA declined drastically in ethanolic solutions of HA and EC, indicating that both pigments can efficiently generate 1 O 2 in ethanol. In addition, the 1 O 2 -yield of EC was slightly higher than that of HA. However, in DMSO, both pigments generated much less 1 O 2 than in ethanol (P < 0.05 after illumination for 10 minutes) ( Figure 1) .
Secondly, the nitro blue tetrazolium chloride monohydrate (NBT)-reduction method [8] was employed to measure the relative O 2 · --yields of HA and EC. When the samples containing pigments and NBT were irradiated with visible light, the absorbance at 560 nm increased clearly in DMSO ( Figure 2 ). However, in ethanol solution, only a slight increase in 560 nm absorbance could be observed. These results suggest that HA and EC can efficiently generate O 2 ·in DMSO, but not in ethanol (P < 0.01 for irradiation of 20 ~ 80 minutes). In addition, the O 2 · --yield of EC is slightly higher than that of HA ( Figure 2 ).
Thus, it seems that in a high-polar solvent the photobleaching of PQPs is governed by O 2 ·while in a low-polar solvent it is initiated by 1 O 2 . This phenomenon is likely to result from the fact that the production of O 2 ·is a charge separation process, which can be efficiently facilitated by high solvent polarities [9] .
The previous studies have revealed that the photodamage on PQPs by 1 O 2 was more recoverable than that by O 2 · - [5, 6] . Therefore, the higher photostability of HA and EC in ethanol than in DMSO can be understood in terms of their lower O 2 · --yields in ethanol than in DMSO. As to the different photostabilities of HA and EC, although the detailed mechanisms remain elusive, it might result from different sensitivities to 1 In summary, although HA and EC possess comparable photosensitizing activities, EC is more stable to photobleaching than HA. In addition, they exhibit higher photo-stability in low-polar solvent than in high-polar solvent. These findings suggest that EC has more developmental potential than HA and its photobleaching behavior can be modified by changing media polarity.
Experimental
Materials: HA and EC were extracted from fermentation products of the Ascomycete Hypomyces (Fr) Tul. sp., a parasitic fungus found growing in the southwestern mountains of Yunnan Province of the People's Republic of China. The compounds were purified by column chromatography and recrystallization [10, 11] . The purity of HA and EC were higher than 98%. 9,10-Diphenylanthracene (DPA) and nitro blue tetrazolium chloride monohydrate (NBT) were purchased from Aldrich Chemical Company.
Irradiation: HA and EC were separately dissolved in ethanol and DMSO. The absorbance of samples at the maximum absorption peak was adjusted to be the same. The air-saturated HA and EC solution in a 1 cm quartz cell were illuminated with a reflector sunlight dysprosium lamp (250 W). The irradiation intensity was 10000 lux, measured by a ST-80C illuminometer.
Photobleaching measurement: HA and EC solutions were illuminated for 0, 1, 2, 3 and 5 h. The absorption spectra were recorded by a Unico UV-2102 spectrophotometer. The slit width was 2 nm.
Determination of relative 1 O 2 -yield:
The DPAbleaching method was used to determine the relative 1 O 2 -yields of HA and EC [8] . During the experiments, the sample containing pigment and DPA was illuminated and the absorbance of DPA at 374 nm was recorded as a function of irradiation time to measure the 1 O 2 -generating ability. The final concentration of DPA was maintained at 1.54×10 -4 M, so that it could trap 1 O 2 effectively, but not quench the excited state of PQPs [8] . All the experiments were carried out in triplicate.
Determination of relative O 2 · -
-yield: NBT reduction was used as an indicator of O 2 · - [8] . During the experiments, the sample containing pigment and NBT was illuminated and the absorbance at 560 nm was recorded as a function of irradiation time to measure the O 2 · --generating ability. The final concentration of NBT was maintained at 2.25×10 -4 M. All the experiments were carried out in triplicate.
Statistical analysis:
Data were evaluated for statistical significance using the two-tailed student's T-test by SPSS 13.0. 
